-7 AGSw110 521

UNCLASSIFIED

CATHOLIC UNIV OF AMERICA WASHINGTON D € HUMAN PERFOR=-ETC F/6 ¢ 7/¢

TEMPORAL STRUCTURE AND INTERPRETABILITY IN THE CLASSIFICATION =« £78 (M)

JUL 81 J H HOWARD: J A BALLAS NOOO14=79-C-0%50
ONR-81-18 .




ok
= 32

NS & = 2

F W fj2o

o

23 s wie

£ MICROCOPY RESOLUTION TEST CHART |
NATONAC BUREALD 0 1 ANDAR(®, fon s A




Temporal Structure and Interpretability in The Classification
of Nonspeech Acoustic Patterns

WA110521

James H. Howard, Jr. and James A. Ballas

ONR CONTRACT NUMBER N00014-79-C-0550

DTIC

Technical Report ONR-81-18 ELECTE
FEBS 1982 !

Human Performance Laboratory
Department of Psychology l\

Ay
i:: The Catholic University of America

July, 1981

Approved for public release; distribution unlimited. Reproduction in whole

or in part is permitted for any purpose of the United States Government,




Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

S
; 1 |, REPORT DOCUMENTATION PAGE BEF T G FORM
REPORT NUMBER 2. GOVY ACCESSION NO.| 3. RECIPIENT’S CATALOG NUMBER
ONR~-81-18 - - - A
J ‘} 4[¥ § .2~
|8 TITLE (and subtitiey 5. TYPE OF REPORT & PERIOD COVERED

Tamporal Structure and Interpretability in The | Technical Report
Classification of Nonspeech Acoustic Patterns

6. PERFORMING ORG. REPORT NUMBER

17, AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
James H, Howard, Jr. and James A. Ballas NO0014~79-C-0550

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. :=gﬁR.Aa°ERLKEsE'NY‘I'.NPUR"O'J!ERCS‘I'. TASK
The Catholic University of America
Washington, D.C. 20064 NR 196~159

1. CONTROLLING OFFICE NAME AND ADDRESS (2. REPORT DATE

A;l;'ng:gn“' Virginia 22212 i
. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) 15. SECURITY CLASS. (of this report)

18. DISTRIBUTION STATEMENT (of thia Report)

15 July, 1981

13. NUMBER OF PAGES
17

Engineering Psychology Programs, Code 442
Office of Naval Research

)

Unclassified
[ 1%a. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

Approved for public release; distribution unlimited

. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, i1 diiferent from Report)

1.

SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse elde if y and | ty by block number)
auditory classification sequential pattern structure
nonspeech transient recognition passive sonar

top~down process
semantic context

AOF;K;I(CMHM on reverse side if necessery and identify by Mook number)

0 experiments investigated the role of syntactic (sequential
structure) and semantic factors in the classification of complex
environmental sound patterns. The results of the first experiment
were consistent with our earlier findings in revealing that 1) sequen-
tially structured, interpretable patterns are classified more accurately
than unstructured patterns, -2f an explicitly provided semantic context
enhances initial classification performance with interpretable pattornl -

DD , o'y 1473  woition oF 1 nov 68 18 oBsOLETE Unclassified % ; _L
§/N 0102-014- 8601 | SECURITY CLASSIFICATION OF THIS PAGE




Unclassified
wLUURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

\\ﬁw‘v.z, -a')/:co semantically-related enhancement results with unstructured,
uninterpretable patterns. Experiment 2 examined classification of
sequentially-structured, but minimally-interpretable patterns. The
results showed that 1)’ sequential structure alone can lead to optimal
classification performance, and .2f providing explicit semantic information
impaired performance with these patterns. In both experiments listeners
appeared to learn something about the composition rules used to produce
the target patterns rather than simple paired-associate responses.
Syntactic and semantic factors play a role in the classification of
complex nonspeech patterns. ' '

\

\

Unclassified

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)




ool Oued oend Cun @ Geen G e

Y

I
1
I
I
1
i
|
i

Many recent studies have investigated the role of syntactic and

semantic factors in 1listeners' comprehension of continuous speech.
The evidence is compelling and unambiguous in revealing the importance
of top-down processes in this situation (Cole, 1980). Despite this,
only recently have investigators examined the possibility that similar
top-down processing occurs in the perception of some complex nonspeech
sound patterns. Everyday experience suggests that expectancies are
involved in our ability to decipher the variety of nonspeech stimuli
we encounter. More specialized listening skills can also be seen in
some individuals. For example, a sonar technician must identify the
source and activity represented by the sounds recorded on passive
sonar hydrophones, Such sounds often occur in sequences or patterns
in which the temporal structure (sound order) can provide important
cues about what the source vessel may be doing (Howard & Ballas,
1980). Similarly, the technician's extensive knowledge of the sources
producing these sounds appears to influence his or her perceptual
capability. The present study reports two experiments which
investigate the role of syntactic and semantic factors in the
classification of complex, nonspeech patterns.

Several investigators have presented evidence that top-down
processing does occur for nonspeech stimuli (Deutsch, 1980; Howard &
Ballas, 1980; Bregman, 1981). For example, Bregman (1981) has
demonstrated that 1listeners employ Gestalt rules or principles to
segment acoustic information from different sources. He has referred
to this phenomenon as auditory streaming.

Research in our laboratory has suggested that listeners are able
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to use both syntactic and semantic information in a relatively simple
auditory pattern classification task (Ballas & Howard, 1980; Howard &
Ballas, 1980). Four groups of listeners were required to classify
patterns of brief duration real-world sounds as "targets" or
"nontargets.” For the grammatical group target patterns were produced
using a simple finite-state rule structure or grammar to determine the
sequential order of the pattern components. In contrast, target
patterns for the nongrammatical group matched the grammatical patterns
in length, but were randomly constructed. As a result, the target set
for the latter, nongrammatical group lacked the overall coherence or
structure present in the grammatical target set.

In addition, each of the five pattern components was related to
water or steam (e.g., the squeak of a valve turning, steam hiss, water
flushing down a drain, etc.), and the finite-state grammar was
selected to produce only interpretable patterns. 1In other words, the
grammar reflected the temporal structure of possible real world
events. For example, one pattern might represent someone taking three
turns to open a valve that releases steam, which, in turn, causes
pipes to <clang. Each of the grammatical patterns could be described
by a similar source scenario corresponding to events that might
actually occur, Although similar interpretations obviously can be
applied to some randomly constructed patterns, overall the
nongrammatical target patterns were only minimally interpretable. To
evaluate the role of semantic information 1in nonspeech pattern

classification, one-half of the participants in each of the two groups

were read a brief paragraph which suggested a theme for the patterns
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they would hear. The paragraph was general and did not identify any
specific patterns. The remaining individuals received no explicit
semantic information about the patterns.

Three findings were reported (Howard & Ballas, 1980). First,
listeners who classified the grammatical target patterns performed
substantially better than those who classified the unstructured or
random target patterns. Second, listeners in the grammatical group
who received semantic information performed at a higher 1level than
those who did not receive this information. Third, the semantic
information did not enhance performance for listeners in the
nongrammatical group. On the contrary, there was some evidence that
the semantic information actually impaired performance for these
listeners. Overall, it was concluded that syntactic and semantic
factors interact to influence nonspeech pattern classification. The
two experiments reported in the present paper replicate (Experiment 1)

and extend (Experiment 2) these findings.

Experiment 1

In this experiment participants were required to classify
patterns of complex, water~- and steam-related sounds. As In our
previous research some individuals received structured or grammatical
target patterns whereas others received an unstructured or randomly
generated target set. One-half of the individuvals in each condition
were read a general descriptive passage which suggested a water/steam
semantic context for the patterns they were to hear. The remaining

participants were given no explicit semantic information. Overall,
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the experiment is a replication of our earlier study; however, a
six-point rating scale procedure was employed to obtain a full
receiver operating characteristic (ROC) for each listener.

Method

Participants. Twenty student volunteers, five in each of four

groups, were paid to participate in the experiment.

Stimuli. Five brief-duration, "real-world®" sounds were recorded
in our laboratory (a radiator valve being turned, water drip,
broadband steam hiss, the clang of a metal object striking a radiator
pipe, and water flushing down a drain). The sounds were digitized
using standard signal processing techniques with a 10-bit
analog-to-digital converter at a 12.5 kHz sampling rate. Each sound
was 320 ms in duration with the exception of the water drip which was
82 ms long.

The grammatical target patterns were produced using the simple
finite-state grammar described in Howard & Ballas (1980, p. 432).
Twelve grammatical patterns ranging in length from four to six events
(three, four, and five patterns of each length, respectively) were
selected to make up the grammatical target category. A corresponding
nongrammatical target set was produced by randomly permuting the order
of pattern components in the grammatical target set. Consequently,
the nongrammatical targets matched the grammatical targets in length
and composition, Similarly, 48 randomly constructed nontarget
patterns were selected to be nonoverlapping with the target sets but

to match them in 1length, Each component was presented at a

comfortable listening 1level and the individual components were
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separated by 510 ms within the patterns,

Apparatus. All experimental -events were controlled by a
general-purpose laboratory computer, The acoustic patterns were
output on a 12-bit digital-to analog converter at a sampling rate of
12.5 kHz, 1low-pass filtered at 5 kHz (Khron-Hite Model 3550),
attenuated, and presented binaurally over matched Telephonics TDH-49
headphones with MX-41/AR cushions. Testing was done individually in a
sound-attenuated booth and 1listeners indicated their responses by
pressing buttons on a solid-state keyboard. A video display was also
located in the booth.

Procedure. Participants were told that they would be hearing
patterns of several sounds presented very quickly. They were told
that some of the patterns were designated as targets and that their
task would be to pick out the targets. Although the participants were
told that the targets and nontargets would occur equally often, no
information was provided regarding the composition of the target set.
The six point rating scale was also explained (1 = definitely a
nontarget, 2 = probably a nontarget, 3 = possibly a nontarget,
4 = possibly a target, 5 = probably a target, A = definitely a
target). Participants in the semantic conditions were also read the
following paragraph before beginning: "All of the individual sounds
relate to water and steam. You will hear such things as drips, water
flushing down a drain, a valve being turned on, steam escaping, and
radiator pipes clanging."

Each trial began when the word "LISTEN" appeared on the video

screen. A response prompt, the six scale descriptors, was presented




immediately after the test pattern. The listener then responded by

pressing a key on the keypad (a digit between "1" and "6"), and verbal

feedback was presented visually following the response. After an

intertrial interval of 1.5 s, the screen was erased and the next trial

began. There were 96 trials in each test block, four presentations of
each of the 12 targets and 48 presentations of nontargets. Listeners
were tested for 12 blocks over three successive days.

Immediately after the last test block, listeners were told that
the target patterns had been constructed using a set of rules--like
the rules of language. It was explained that they would be hearing a
new set of patterns and that their task would be to classify each
pattern using the six-point rating scale. They then completed an
additional block of 96 trials as before, but without feedback. The
grammatical patterns presented in this test block were produced by the
same finite-state grammar used for the grammatical target patterns;
however, they were not presented as targets previously. This block
was included to determine whether the participants could classify
novel grammatical patterns. The participants were interviewed and
debriefed before leaving.

Results & Discussion

A ROC function was determined from the rating-scale data for each
participant on each test block (Swets, 1979). A nonparametric,
response-bias-free index of performance was then computed by
determining the area wunder the ROC using a trapezoidal algorithm.

Mean areas were calculated for each condition by averaging

across individuals. The mean ROC area for each of the four groups is
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plotted by blocks in Figure 1.
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Consider first the effect of syntactic pattern structure on
classification per formance. It is evident from Figure 1 that
participants in the two grammatical groups (mean ROC area = .81)
performed at a considerably higher level than d4id those in the two
nongrammatical groups (mean ROC area = .60). This finding is
consistent with our earlier result and indicates that individuals are
able to use the underlying temporal structure of target patterns to
facilitate classification,

The effect of semantic information 1is more subtle. In our
previous experiment semantic information led to a slight, but
consistent overall improvement in <classification performance for
individuals receiving structured target patterns. 1It is apparent from
Figure 1 that in the present experiment, overall performance 1is very
similar for the two grammatical groups (mean ROC areas of .82 and .80
for the semantic and no-semantic conditions, respectively).
Nevertheless, it is interesting to note that on each of the first six
test blocks, individuals who were provided with explicit semantic
information outperformed those who received no explicit information.
This trend is consistent with our previous finding. It suggests that
in the present experiment any effect of explicit semantic information

had disappeared by the seventh test block.

Two explanations exist for this result. First, it is possible
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that with experience individuals in the no-semantic condition were
able to develop their own labelsvand descriptive scenarios for the
target patterns. This hypothesis seems likely given the small number
of different sounds employed here (five) and the relative familiarity
of these sounds. 1Individuals in the semantic condition were provided
with an appropriate semantic framework for the patterns initially and
consequently began performance at a higher level. Second, it is also
possible that the convergence of the two groups reflects simple
artifact--a ceiling effect. Although theoretically, the ROC area can
reach a value of 1.00 with perfect performance, most individuals
showed surprisingly stable asymptotic performance across the final six
test blocks.

Another outcome of our previous experiment was that individuals
who classified unstructured target patterns did not benefit from the
explicit semantic information we provided. A similar finding is
evident for the nongrammatical groups in the present study. Mean
overall performance was very similar for the two groups (mean areas of
.59 and .61 for the semantic and no-semantic conditions,
respectively). Furthermore, inspection of Figure 1 reveals no
systematic differences between the two nongrammatical groups.

Mean ROC areas were also computed for the final test block on
which participants classified novel grammatical patterns without
feedback. The purpose of these trials was to determine if individuals
could generalize their knowledge of the target-pattern structure to
previously untested grammatical patterns. Both grammatical groups

performed substantially above the .50 chance level (mean ROC area of
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.73 and .87 for the semantic and no-semantic conditions,
respectively), whereas tre two nongrammatical groups responded at
chance level (mean ROC areas of .51 and .53 for the semantic and
no-semantic conditions, respectively). These findings are consistent
with our previous work and support fhe argument that participants in
the grammatical groups learn something about the underlying structure
of the target set during classification. That 1is, they 1learn
something more general than simple paired-associate responses to
individual patterns. Since individuals in the nongrammatical groups
were not exposed to structured target stimuli, it is obvious that they

would not be expected to perform any better than chance on this block.

Experiment 2

In general, the findings of Experiment 1 are consistent with our
earlier results (Howard & Ballas, 1980) in revealing that syntactic

and semantic factors interact in an important way to influence

classification performance for complex nonspeech patterns, The
grammatical and nongrammatical conditions investigated in Experiment -1
1, however, represent two extreme conditions. On the one hand, the
target patterns are both interpretable and have an underlying temporal

structure (grammatical conditions), whereas on the other hand the

target patterns were not interpretable nor did they have any
underlying syntactic or temporal structure. Consequently, the i.
syntactic effects demonstrated in the previous experiment can be o
attributed either to pattern interpretability or to the presence of an

underlying temporal structure, In the present experiment, two E
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additional conditions were tested to address this issue.
Specifically, grammatical target patterns were employed in a target
classification task, however, the patterns were constructed so as to
be generally uninterpretable. This was accomplished by permuting the
assignment of pattern component sounds to the output of the
finite-state grammar used in Experiment 1. 1In other words, the target
patterns were grammatically structured, but unlike those used in the
first experiment, they were not consistently interpretable. As
before, one-half the participants received general semantic
information regarding the sounds.

Method

Participants. Ten student volunteers, five in each of two

groups, were paid to participate in the experiment. No individual had
participated in the previous experiment.

Stimuli. The same five "real-world” sounds and finite-state
grammar used in Experiment 1 were used to produce the stimulus
patterns. The assignment of component sounds to the output codes
produced by the grammar was determined randomly to minimize
interpretability of the target patterns. The nontarget patterns were
generated as in Experiment 1.

Apparatus. Same as Experiment 1.

Procedure. Same as Experiment 1,

Results & Discussion

A ROC area was determined for each individual on each block as in
Experiment 1. The mean ROC area is plotted as a function of block for

the two semantic conditions in Figure 2.
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Two results are evident in Figure 2, First, individuals in both
semantic information conditions showed a consistent improvement in
performance with practice. 1Indeed, their performance more closely
approximates that of the grammatical group in Figure 1 than that of
the nongrammatical group. The mean overall performance level observed
in this experiment (mean ROC area of .80) is virtually identical to
the mean performance level obtained for the grammatical group in
Experiment 1 (mean ROC area of .81). Since the target patterns
employed in the present experiment were structured, but interpretable,
this suggests that performance depends more on sSyntactic pattern
structure than on pattern interpretability per se.

Second, despite the similarities already noted, important
differences also exist between the present results and those of
Experiment 1. 1In particular, individuals in the no-semantic condition
outperformed those in the semantic condition on all but a single block
in the present experiment (block 5). This pattern differs from that
observed in our previous research (Howard & Ballas, 1980) and in
Experiment 1 for individuals classifying grammatically structured
targets. It appears that the general semantic information we provided
actually interfered with classification performance for structured,
but uninterpretable patterns. This result suggests that when working
with target patterns that are generally uninterpretable, specific

thematic information may inappropriately lead individuals to search

—— e
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for sensible interpretations of the patterns where none exist. This
misguided search may actually make the task more difficult. A similar
tendency for semantic information to impair performance with
uninterpretable, nongrammatical patterns was noted in our previous
research (Howard & Ballas, 1980).

Mean ROC areas were also computed for the last, no-~feedback test
block with novel grammatical patterns. Individuals in both semantic
conditions performed considerably above chance as expected (mean ROC
areas of .77 and .81 for the semantic and no-semantic conditions,

respectively).

General Discussion

The results of the present experiments are consistent with our
earlier findings in revealing that both syntactic (sequential
structure) and semantic factors can play a role in nonspeech pattern
classification. In particular, Experiment 1 demonstrated that when
listeners are required to classify sequentially structured,

interpretable target patterns they are able to use this information to

facilitate the task. Furthermore, the results of Experiment 2 showed

similarly high performance for listeners who classified structured, ﬁ

but minimally interpretable patterns. This suggests that pattern ;1

structure rather than interpretability per se is largely responsible

Bs ol

for the enhanced performance observed in Experiment 1. The finding }
that 1listeners in the structured or grammatical groups successfully
generalized their knowledge to classify novel grammatical patterns on

a post-experimental test block is consistent with the argument that
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listeners are able to learn general characteristics of the pattern
structure.

The present experiments also showed that explicit semantic
information can .sad to enhanced classification performance--at least
on initial trials--when the target patterns are consistently
interpretable, On the other hand, when the target set 1is not
interpretable, explicit semantic information leads to no improvement
(Experiment 1) or to a performance decrement (Experiment 2). As
suggested in our earlier paper (Howard & Ballas, 1980), it is 1likely
that providing explicit semantic information leads listeners to search
for a consistent semantic interpretation for the target pattern set.
wWwhen no consistent interpretation exists, the classification task can
actually become more difficult.

In general, it is clear that further work is needed to <clarify
the role of both syntactic and semantic factors in the perception of
complex nonspeech patterns. Such factors are 1likely to play an

important role in understanding the comprehension of everyday sounds

as well as specialized tasks such as that of the sonar technician.




PAGE 16

References

Ballas, J. A., & Howard, J.H., Jr. Preliminary research on

perceiving patterns of underwater acoustic transients. Proceedings

of the 24th Annual Meeting of the Human Factors Society, 1980,

Bregman, A, S. Asking the "what for" question in auditory
perception. In M. Kubovy & J. R. Pomerantz (Eds.), Perceptual

organization. Hillsdale, N. J.: Lawrence Erlbaum Associates,

1981.

Cole, R. A. (Ed.) Perception and production of fluent speech.

Hillsdale, N. J.: Lawrence Erlbaum Associates, 1980.

Deutsch, D. The processing of structured and unstructured tonal

sequences. Perception & Psychophysics, 1980, 28, 381-389.

Howard J. H., Jr. & Ballas, J. A. Syntactic and semantic factors
in the classification of nonspeech transient patterns. Perception

& Psychophysics, 1980, 28, 431-439. i

Swets, J. A. ROC analysis applied to the evaluation of medical

imaging techniques. Investigative Radiology, 1979, 14, 109-121. }




PAGE 17

Footnotes

This research was supported by a contract from the Engineering
Psychology Programs, Office of Naval Research to The Catholic
University of America. The authors are grateful to Darlene Howard for
her comments on an earlier version of this manuscript. Requests for
reprints should be addressed to James H. Howard, Jr., Human

Performance Laboratory, The Catholic University, Washington, D.C.

20064.




[ Y G '-.-

-

455:MAT:716:1ab
81u455-305

OFFICE OF NAVAL RESEARCH

Code 455

TECHNICAL REPORTS DISTRIBUTION LIST

05D

CDR Paul R, Chatelier

Office of the Deputy Under Secretary
of Defense

OUSDRE (E&LS)

Pentagon, Room 3D129

Washington, D.C. 202

Department of the Navy

Engineering Psyched ogy Feugrams
Code 42

Oftfice of Naval Research

800 North Quincy Strei
Arlington, VA 22217 (5 cys)

Director

Undersea Technology

Code 220

Office of Naval Research
800 North Quincy Street
Arlington, VA 22217

Director

Communication & Computer Technology
Code 240

Office of Naval Research

800 North Quincy Street

Arlington, VA 22217

Director

Manpower, Personnel and Training
Code 270

Office of Naval Research

800 North Quincy Street
Arlington, VA 22217

Physiology Program

Code 441

Office of Naval Research
800 North Quincy Street
Arlington, VA 22217

Department of the Navy

Special Assistant for Marine
Corps Matters

Code 100M

Of fice of Naval Research

800 North Quincy Street

Arlington, VA 22217

Commanding Officer

ONR Eastern/Central Regional Office
ATTN: Dr. J. Lester

Building 114, Section D

666 Summer Street

Boston, MA 02210

Commanding Of ficer

ONR Branch Office
ATTN: Dr. C. Davis
536 South Clark Street
Chicago, IL 60605

Commanding Of ficer

ONR Western Regional Office
ATTN: Dr. E. Gloye

1030 East Green Street
Pasadena, CA 91106

Of fice of Naval Research
Scientific Liaison Group
American Embassy, Room A-407
AP0 San Francisco, CA 96503

Director

Naval Research Laboratory
Technical Information Division
Code 2627

Washington, D.C. 20375 (6 cys)

Dr. Robert G. Smith

Office of the Chief of Naval
Operations, OP987H

Personnel Logistics Plans

Washington, D.C. 20350

i RN &

e iiate O L EPE NI S

b e e s s b

L5 DY ATy SR

”




Department of the Navy

Dr. Jerry C. Lamb

Combat Control Systems

Naval Underwater Systems Center
Newport, RI 02840

Naval Training Equipment Center
ATTN: Technical Library
Orlando, FL 32813

Human Factors Department

Code N215

Naval Training Equipment Center
Orlando, FL 32813

Dr. Alfred F. Smode

Training Analysis and Evaluation
Group

Naval Training Equipment Center

Code N-00T

Orlando, FL 32813

Dr. Albert Colella

Combat Control Systems

Naval Underwater Systems Center
Newport, RI 02840

Dr. Gary Poock

Operations Research Department
Naval Postgraduate School
Monterey, CA 93940

Dean of Research Administration
Naval Postgraduate School
Monterey, CA 93940

Mr. H. Talkington

Ocean Engineering Department
Naval Ocean Systems Center
San Diego, CA 92152

Mr. Paul Heckman
Naval Ocean Systems Center
San Diego, CA 92152

Mr. Warren Lewis

Human Engineering Branch
Code 8231

Naval Ocean Systems Center
San Diego, CA 92152

455:MAT:716:1ab
81u455-302

Department of the Navy

Dr. Robert French
Naval Ocean Systems Center
San Diego, CA 92152

Dr. Ross L. Pepper

Naval Ocean Systems Center
Hawaii Laboratory

P.0. Box 997

Kailua, HI 96734

Dr. A. L. Slafkosky

Scientific Advisor

Commandant of the Marine Corps
Code RD-1

Washington, D.C. 20380

Mr. Arnold Rubinstein
Naval Material Command
NAVMAT 0722 - Rm. 508
800 North Quincy Street
Arlington, VA 22217

Commander

Naval Air Systems Command
Human Factors Programs
NAVAIR 340F

Washington, D.C. 20361

Commander

Naval Air Systems Command
Crew Station Design,
NAVAIR 5313

Washington, D.C. 20361

Mr. Phillip Andrews

Naval Sea Systems Command
NAVSEA 0341

Washington, D.C. 20362

Commander

Naval Electronics Systems Command
Human Factors Engineering Branch
Code 4701

Washington, D.C. 20360

CDR Robert Biersner

Naval Medical R&D Command
Code 44

Naval Medical Center
Bethesda, MD 20014




R R Y Ry

Department of the Navy

Dr. Arthur Bachrach

Behavioral Sciences Department
Naval Medical Research Institute
Bethesda, MD 20014

Dr. George Moeller

Human Factors Engineering Branch
Submarine Medical Research Lab
Naval Submarine Base

Groton, CT 06340

Head

Aerospace Psychology Department

Code LS

Naval Aerospace Medical Research Lab
Pensacola, FL 32508

Dr. James McGrath, Code 302

Navy Personnel Research and
Development Center

San Diego, CA 92152

Navy Personnel Research and
Development Center

Planning & Appraisal

Code 04

San Diego, CA 92152

Navy Personnel Research and

Development Center
Management Systems, Code 303
San Diego, CA 92152

Navy Personnel Research and
Development Center

Performance Measurement &
Enhancement

Code 309

San Diego, CA 92152

Dr. Julie Hopson

Human Factors Engineering Division
Naval Air Development Center
Wamminster, PA 18974

Mr. Jeffrey Grossman
Human Factors Branch
Code 3152

Naval Weapons Center
China Lake, CA 93555

455:MAT:716:1ab
81u455-302

Department of the Navy

Human Factors Engineering Branch
Code 1226

Pacific Missile Test Center
Point Mugu, CA 93042

Mr. J. Williams

Department of Environmental
Sciences

U.S. Naval Academy

Annapolis, MD 21402

Dean of the Academic Departments
U.S. Naval Academy
Annapolis, MD 21402

Human Factors Section

Systems Engineering Test
Directorate

U.S. Naval Air Test Center

pPatuxent River, MD 20670

Human Factor Engineering Branch
Naval Ship Research and Development
Center, Annapolis Division
Annapolis, MD 21402

CDR W. Moroney

Code 55MP

Naval Postgraduate School
Monterey, CA 93740

Mr. Merlin Malehorn

Of fice of the Chief of Naval
Operations (0P-115)

Washington, D.C. 2035v

Department of the Army

Mr. J. Barber

HQS, Department of the Army
DAPE-MBR

Washington, D.C. 20310

Dr. Joseph Zeidner

Technical Director

U.S. Army Research Institute
5001 Eisenhower Avenue
Alexandria, VA 22333




Department of the Army

Director, Systems Research
Laboratory

U.S. Army Research Institute

5001 Eisenhower Avenue

Alexandria, VA 22333

Technical Director
U.S. Army Human Engineering Labs
Aberdeen Proving Ground, MD 21005

U.S. Army Medical R&D Command
ATTN: CPT Gerald P. Krueger
Ft. Detrick, MD 2170

ARI Field Unit-USAREUR
ATTN: Library

C/0 ODCSPER

HQ USAREUR & 7th Army
APO New York 09403

Department of the Air Force

U.S. Rir Force Office of Scientific
Research

Life Sciences Directorate, NL

Bolling Air Force Base

Washington, D.C. 20332

Chief, Systems Engineering Branch
Human Engineering Division

USAF AMRL/HES

Wright-Patterson AFB, OH 45433

Air University Library
Maxwell Air Force Base, AL 36112

Dr. Earl Alluisi
Chief Scientist
AFHRL/CCN

Brooks AFB, TX 78235

Foreign Addressees

North East London Polytechnic
The Charles Myers Library
Livingstone Road

Stratford

London E15 2LJ

ENGLAND

455:MAT:716:1ab
81u455-305

Foreign Addressees

Professor Dr. Carl Graf Hoyos :
Institute for Psychology :
Technical University ;
8000 Munich ;
Arcisstr 21

FEDERAL REPUBLIC OF GERMANY

Dr. Kenneth Gardner

Applied Psychology Unit

Admiralty Marine Technology
Establishment

Teddington, Middlesex TW1l OLN

ENGLAND

Director, Human Factors Wing
Defence & Civil Institute of

Environmental Medicine
Post Office Box 2000
Downsview, Ontario MM 389
CANADA

Dr. A. D. Baddeley

Director, Applied Psychology Unit
Medical Research Council

15 Chaucer Road

Cambridge, CB2 2EF

ENGLAND

Other Government Agencies

Defense Technical Information Center
Cameron Station, Bldg. 5
Alexandria, VA 22314 (12 cys)

Dr. Craig Fields
Director, Cybernetics Technology
Office - B
Defense Advanced Research Projects
Agency
1400 Wilson Blvd
Arlington, VA 22209

Other Organizations

Dr. Robert R. Mackie

Human Factors Research, Inc.
§775 Dawson Avenue

Goleta, CA 93017




Other Organizations

Dr. Jesse Orlansky

Institute for Defense Analyses
400 Army-Navy Drive

Arlington, VA 22202

Dr. Arthur I. Siegel _

Applied Psychological Services, Inc.
404 East Lancaster Street

Wayne, PA 19087

Dr. Robert T. Hennessy

NAS - National Research Council
JH #819

2101 Constitution Ave., N.W.
Washington, DC 20418

Journal Suppiement Abstract Service
American Psychological Association
1200 17th Street, N.W.

Washington, D.C. 20036 (3 cys)

Dr. Edward R. Jones

Chief, Human Factors Engineering

McDonnell-Douglas Astronautics
Company

St. Louis Division

Box 516

St. Louis, MO 63166

Dr. Richard W. Pew

Information Sciences Division

Bolt Beranek & Newman, Inc.

50 Moulton Street

Cambridge, MA 02138

Dr. David J. Getty

Bolt Beranek & Newman, Inc.
50 Moulton Street
Cambridge, MA 02138

455:MAT:716:1ab
81u455-305







